Elevated cAMP suppresses muscarinic inhibition of L-type calcium current in guinea pig ventricular myocytes.
We investigated the effect of carbachol (CCh) on L-type Ca2+ current (ICa(L)) enhanced by dialyzed adenosine 3',5'-cyclic monophosphate (cAMP) and/or bath-applied 3-isobutyl-1-methylxanthine (IBMX) in guinea pig isolated ventricular myocytes. At pipette concentrations ([cAMP]pip) from 30 microM to 1 mM, cAMP increased ICa(L) to 25.8 +/- 0.9 microA/cm2 (682 +/- 24.8% increase above control). CCh (100 microM) did not inhibit ICa(L) at any [cAMP]pip. IBMX, a nonselective phosphodiesterase (PDE) inhibitor, increased ICa(L) maximally at 300 microM IBMX (17.9 +/- 0.7 microA/cm2; 449 +/- 20% increase). CCh (100 microM) inhibited ICa(L) by 92 +/- 9.5% at 30 microM IBMX and 78 +/- 4.6% at 100 microM IBMX; this effect was reduced or absent at higher IBMX concentrations (300 and 1,000 microM). Coadministration of cAMP and IBMX also progressively suppressed inhibition by CCh. CCh had a negligible effect on ICa(L) at 750 microM IBMX in the absence of pipette cAMP and at 50 microM IBMX in the presence of 100 microM [cAMP]pip. ACh-activated K+ current (IK(ACh)) was unchanged in atrial myocytes dialyzed with 100 microM cAMP; this excludes a phosphorylation-dependent desensitization of the muscarinic receptor (mAChR) or Gi by cAMP. LY83583 (100 microM), an inhibitor of cyclic guanosine monophosphate (cGMP) production, attenuated inhibition of ICa(L) by CCh in the presence of IBMX. 8-Bromo-cGMP (8-Br-cGMP), an activator of cGMP-dependent protein kinase (PKG), mimicked CCh in its actions on ICa(L) raised by both cAMP (no significant change) and IBMX (49 +/- 5.1% inhibition). Okadaic acid, an inhibitor of type 1 and 2A phosphatases, blocked inhibition of IBMX-stimulated ICa(L) by either CCh or 8-Br-cGMP. Thus the ability of CCh to inhibit ICa(L) appears caused by cGMP/PKG activation of an okadaic acid-sensitive protein phosphatase, and elevated levels of cAMP protect against this action.